
Supplementary information for 

Self-recovering robust electrode for highly efficient CO2 electrolysis in 

symmetrical solid oxide electrolysis cell

Yunfeng Tian,a Lingling Zhang,a Yun Liu,a Lichao Jia,a, b Jun Yang,c Bo Chi,*a, b Jian Pu,a, b 
and Jian Lia

a.Center for Fuel Cell Innovation, School of Materials Science and Engineering, State 
Key Laboratory of Material Processing and Die & Mould Technology, Huazhong 
University of Science and Technology, Wuhan 430074, China.

b.MOE Key Laboratory of Material Chemistry for Energy Conversion and Storage, 
Huazhong University of Science and Technology, Wuhan 430074, China.

c.Ningbo Institute of Material Technology and Engineering, Chinese Academy of 
Sciences, Ningbo 315201, China.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2019



Figure. S1 X-ray diffraction patterns of LCaFN after five redox cycles at 800 °C in air 

and CO2 for 5 h (a), LSrFN treated in CO2 for 5 h and then treated in air for 5 h again 

(b).



Figure. S2 EIS of LCaFN symmetrical cell tested in half cell mode at different 

temperature in air (a) and CO2 (b), LSrFN symmetrical cell at different temperature in 

air (c) and CO2 (d).



Figure. S3 I-V curves of the LCaFN symmetrical cell for pure CO2 electrolysis at 800 °C 

and 850 °C (a) and the corresponding dV/dI–V curve at 800 °C (b). I-V curves of the 

LCaFN asymmetrical cell (c) and LSrFN symmetrical cell (d) for pure CO2 electrolysis at 

800 °C and 850 °C.



Figure. S4 Nyquist plot (a) and Bode plot (b) of the LCaFN symmetrical cell, Nyquist 

plots of LCaFN asymmetrical cell (c) and LSrFN symmetrical cell (d) for pure CO2 

electrolysis at 800 °C and 850 °C with fitting by equivalent circuit.



Table S1. Simulated results of the LCaFN, LSrFN symmetrical cell and LCaFN 

asymmetrical cell in CO2 at 800 ºC and 850 ºC.

Cell and Testing Temperature 

(°C)

Rs(Ω·cm2) R1(Ω·cm2) R2(Ω·cm2) Rp(Ω·cm2)

LCaFN-asymmetrical-800 0.81 0.37 0.39 0.76

LCaFN-asymmetrical-850 0.60 0.27 0.21 0.49

LSrFN-symmetrical-800 1.05 0.30 0.61 0.91

LSrFN-symmetrical-850

LCaFN-symmetrical-800

LCaFN-symmetrical-850

0.72

0.76

0.57

0.23

0.38

0.23

0.36

0.32

0.23

0.59

0.70

0.46



Figure. S5 Nyquist plots of LCaFN symmetrical cell (a), LCaFN asymmetrical cell (b) and 
LSrFN symmetrical cell (c) under different voltage (1.2~2.0 V) for pure CO2 electrolysis 
at 800 °C.



Table.S2 Comparison of the performance of LCaFN symmetrical cell reported in the 

literature and in the present work.

cathode electrolyte anode Test

conditions

Current

density

(A/cm2)

Rp

(Ω·cm2)

Ref

La0.75Sr0.25Cr0.5Mn0.5O3-δ

La0.3Sr0.7Fe0.7Cr0.3O3-δ

La0.3Sr0.7Fe0.7Ti0.3O3-δ

Exsolved Ni 

(La0.2Sr0.8)0.95Ti0.9Mn0.1Ni0.05O3-δ

La0.6Sr0.4Fe0.8Ni0.2O3-δ

La0.7Sr0.2Ce0.1Cr0.5Fe0.5O3−δ

La0.5Sr0.5Fe0.95V0.05O3-δ

Infiltrated La0.9Ca0.1Fe0.9Nb0.1O3-

δ/Sm0.1Ce0.9O2-δ into porous YSZ

Exsolved Ni-Fe 

Sr1.9Fe1.5Mo0.4Ni0.1O6−δ

Ni-YSZ

La0.6Ca0.4Fe0.8Ni0.2O3-δ

2mm@YSZ

300μm@YSZ

500μm@YSZ

500μm@YSZ

220μm@YSZ

300μm@YSZ

500μm@YSZ

50μm@YSZ

180μm@YSZ

15μm@YSZ

300μm@YSZ

La0.75Sr0.25Cr0.5Mn0.5O3-δ

La0.3Sr0.7Fe0.7Cr0.3O3-δ

La0.3Sr0.7Fe0.7Ti0.3O3-δ

La0.8Sr0.2MnO3-δ

(La0.6Sr0.4)0.95Co0.2Fe0.8O3-δ

(La0.6Sr0.4)0.95Co0.2Fe0.8O3-δ

La0.8Sr0.2MnO3-δ

La0.8Sr0.2MnO3-δ

La0.8Sr0.2MnO3-δ

La0.6Sr0.4Co0.2Fe0.8O3

La0.6Ca0.4Fe0.8Ni0.2O3-δ

800@CO2

800@CO2:CO 90:10

800@CO2

800@CO2

800@CO2:CO 70:30

850@CO2:CO 70:30

800@CO2

800@ CO2:CO 50:50

800@CO2

800@ CO2:H2 75:25

800@CO2

0.18@2.0V

0.28@1.5V

0.52@2.0V

0.87@2.0V

1.01@2.0V

0.31@2.0V

0.62@1.6V

1.0@1.6V

2.16@1.5V

1.0@1.3V

1.41@2.0V

2.0@2V

1.33@OCV

0.08@2V

0.51@1.6V

1.08@OCV

0.46@2V

0.44@1.6V

0.42@1.6V

0.27@0.3V

0.19 @OCV

0.05@2V

0.76@OCV
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Figure. S6 Short-term performance of CO2 electrolysis at various voltage with LSrFN 

symmetrical cell (a); CO production rate and Faraday efficiency of LSrFN symmetrical 

cell (b) at 800 °C.



Figure. S7 SEM images of the LCaFN symmetrical cell before (a) and after (b) the 

electrolysis at 800 °C.
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